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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The transparence substrate of a pair with which the laminating of ITO and the 
orientation film was carried out one by one comes to meet It is a liquid crystal device for 
modulating the phase of the homogeneous light which is equipped with a liquid crystal layer 
between the orientation film concerned and by which the insulator layer was formed between the 
orientation film on one [ at least ] transparence substrate, and ITO, or laser light. By 3000nm or 
more 8000nm or less, the effective refractive index to the incident light of a liquid crystal 
molecule changes in the or more 1.4 1.8 or less range, and said liquid crystal thickness the 
refractive index to incident light The liquid crystal device characterized by for 1.75**0.1 and the 
orientation film being [ said transparence substrate / for 1.7**0.1 and an insulator layer ] 
1.63**0.1 for 1.5**0.2 and ITO, and orientation thickness being 70**30nm. 
[Claim 2] 60+1 90n or a-0.6, and b are the liquid crystal device according to claim 1 which the 
relation between said thickness Ynm of ITO and the thickness Xnm of said insulator layer filled 
about Y=aX+bxlambda /650 (wavelength of the incident light lambda was described to be per 
nm), and was characterized by a-0.4 and b being 170+190n (n being an integer). 
[Claim 3] The liquid crystal device according to claim 1 characterized by for said thickness of 
ITO being x(1 20**30) lambda/650nm, and insulator layer thickness being x(70**30) 
lambda/650nm. 

[Claim 4] The optical pickup using the liquid crystal device to which said liquid crystal device 
carries out the description of being the liquid crystal device of a publication to any 1 term of 
claim 1 thru/or claim 3 in the optical pickup equipped with the liquid crystal device for aberration 
amendment 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] It is related with the optical pickup equipped with the liquid crystal device 

for aberration amendment, and it. 

[0002] 

[Description of the Prior Art] In order to make an understanding of the conventional technique 
easy, the phase modulation of the light using the light transmission property of a well-known 
optical thin film, the optical structure of a liquid crystal device, and a liquid crystal device is 
explained briefly, it is further about a transparent thin film on transparent substrates, such as a 
glass substrate, first — it is — the optical thin film applied to the multilayer is considered. Since 
it consists of transparent ingredients at this time, regardless of wavelength, light transmittance is 
fixed and becomes about 100%. However, except for the case where the refractive index of all 
the thin films that contain a glass substrate in fact is the same, light transmittance is determined 
by the refractive index of a transparence substrate and each thin film, and the thickness of each 
thin film and the wavelength lambda of light by the cross protection of light That is, permeability 
changes with wavelength. Therefore, in specific conditions, the optical thin film which penetrates 
only specific wavelength can be realized, and it is well known as an interference filter. Moreover, 
a scaling exists in the thickness and wavelength of a thin film about permeability. That is, 
permeability is the same, if thickness of a thin film is also set to 1/n when wavelength drops to 
1/n. 

[0003] Next, the optical structure of a general liquid crystal device is explained. It is constituted 
as a main component in order of a glass substrate, ITO (transparence electric conduction film), 
an insulator layer, the orientation film, a liquid crystal layer, the orientation film, ITO, and a glass 
substrate. As for a glass substrate, the glass whose refractive index is about 1.5 is used, 
moreover, mass-production nature, constraint of an ingredient, etc. — ITO — a refractive index 
— 1.7 to about 2, and thickness — about 100 to 3000nm, and an insulator layer — a refractive 
index is used for about 1.7 and thickness, about 50 to 200nm is used for about 1.63 and 
thickness, and, as for about 50 to 300nm, and the orientation film, the refractive index has a 
diaphragm structure. Then, the phase modulation principle of the light using an parallel 
orientation mold or a perpendicular orientation mold liquid crystal device is explained. Drawing 6 
(a) and (b) express typically actuation of an parallel orientation mold liquid crystal device. The 
liquid crystal molecule 602 is inserted between the glass substrates 601 with which the 
transparence electric conduction film was applied like drawing 6 (a), and the thickness is d. As 
for the liquid crystal molecule 602, both glass substrates 601 arranged the direction of a major 
axis with Y shaft orientations for Y shaft orientations, and orientation shaft orientations are 
located in a line in parallel. In order to progress looking at the direction of a major axis of the 
liquid crystal molecule 602 if the linearly polarized light 603 of Y shaft orientations carries out 
incidence to this liquid crystal device, that optical path length is set to n1xd. n1 is the refractive 
index of the direction of a major axis of the liquid crystal molecule 602, and becomes an 
effective refractive index to the linearly polarized light 603 here. 

[0004] Next, if sufficiently high electric field are given to Z shaft orientations as shown in 
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drawing 6 (b) f the liquid crystal molecule 602 will arrange the major axis in the direction of 
electric field, and will be located in a line. In order to progress looking at the direction of a minor 
axis of the liquid crystal molecule 602 if the linearly polarized light 603 of Y shaft orientations 
carries out incidence to this liquid crystal device, that optical path length is set to n2xd. n2 is 
the refractive index of the direction of a minor axis of the liquid crystal molecule 602 here. 
Therefore, before and after giving electric field, only in x(n1-n2) d, the optical path length 
changes, and the phase of the incidence linearly polarized light 603 changes and carries out 
outgoing radiation only of 2pi(n1-n2) x d/lambda (lambda is the wavelength of incident light). An 
intermediate state is also realizable by adjusting the electric field given to a liquid crystal 
molecule. Therefore, if a liquid crystal molecule is partially driven using the inclination electric 
field produced with the divided transparent electrode or a high resistance electrode, it is possible 
to give phase distribution to the incidence linearly polarized light 603. Moreover, although the 
basic actuation is the same also in the liquid crystal device by which perpendicular orientation 
was carried out, the time of the time of not giving electric field giving electric field in the state of 
drawing 6 (b) will be in the condition of drawing 6 (a). 

[0005] In recent years, in the optical disk of the high density of DVD etc., the liquid crystal 
device attracts attention as an aberration amendment component of optical system. This tends 
to insert a liquid crystal device into the laser light source and the optical path of the optical 
pickup equipped with the objective lens, and tends to amend the phase turbulence of the light by 
the comatic aberration which an optical disk substrate generates by the ** pure thing, and the 
spherical aberration generated in case a multilayer disk substrate is read, i.e., the turbulence of 
the wave front of light. According to the amount of aberration generated at this time, refractive- 
index distribution is given to a liquid crystal device with the divided transparent electrode, and 
the wave front of laser light is amended. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the optical element for laser beam study 
systems to which laser power was restricted like an optical pickup, light transmittance is an 
important element In the case of the optical pickup using blue laser with a wavelength of about 
450nm which attracts attention especially recently, the luminous efficiency of blue laser falls 
compared with red laser with a conventional wavelength of about 650nm. Moreover, since laser 
light generates the light of specific sharp wavelength, it becomes important [ the light 
transmittance in the wavelength ]. The effective refractive index of a liquid crystal layer changes 
by driving a liquid crystal device further with a diaphragm structure on the other hand. Therefore, 
when using it by laser light or the homogeneous light, even if it drives liquid crystal so that the 
diaphragm structure of a liquid crystal device may be optimized to the wavelength to be used 
and permeability may serve as max and, it is desirable to make it fluctuation of light 
transmittance serve as min. However, the conventional liquid crystal device is not as a phase 
modulation component, and the subject has developed the display application which used the 
optical shutter effectiveness over the white light by using with a polarizing plate. Therefore, the 
optimization design of the diaphragm structure of a liquid crystal device was not carried out to 
laser optical system. Moreover, generally, although the parallel orientation mold liquid crystal 
which is a phase modulation mold was often used for general laser optical system, since laser 
light had very big power, it did not have to make light transmittance a problem and did not need 
to optimize the diaphragm structure of a liquid crystal device. 
[0007] 

[Means for Solving the Problem] The simulation result of the light reflex property in the 
homogeneous light with a wavelength of 650nm at the time of changing the thickness and the 
refractive index of [TO to drawing 7 in a liquid crystal device is shown. As a liquid crystal device, 
it is constituted in order of a glass substrate, ITO, an insulator layer, the orientation film, a liquid 
crystal layer, the orientation film, ITO, and a glass substrate, the refractive index of a glass 
substrate — for the refractive index of 70nm and the orientation film, 1.63 and thickness are 
[ the refractive index of 1.49 and an insulator layer / 1.75 and thickness / 1.6 and the thickness 
of the effective refractive index of 70nm and a liquid crystal layer] SOOOnm. In a Y-axis, the 
thickness of ITO and the X-axis express the refractive index of ITO, and the Z-axis expresses 
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the rate of a light reflex with drawing 7 . It is stable, even if the minimal value of the 1st 
reflection factor has the thickness of [TO near 1 10nm from drawing 7 and the refractive index of 
[TO changes. Moreover, a reflection factor falls, so that the refractive index of ITO is close to 
1.6, and the fluctuation to change of [TO thickness also becomes small. Therefore, although, as 
for light transmittance, the thickness of ITO is served as to 1 10nm and the refractive index 
serves as max and stability by 1.6 under this condition, the value which can be actually chosen 
as an [TO refractive index is 1.7. Moreover, it also turns out that the minimal value of the 2nd 
reflection factor has the thickness of [TO near 200nm from drawing 4 . 
[0008] In use of an actual liquid crystal device, the effective refractive index changes in 
operating a liquid crystal device. Drawing 8 is as a result of [ of the light reflex property at the 
time of changing the thickness of an insulator layer, and the effective refractive index of a liquid 
crystal layer ] a simulation. ITO thickness is 110nm, a refractive index is 1.7, and other 
conditions are the same as the case of drawing 7 . As for the effective refractive index of a 
liquid crystal layer, and the Z-axis, the thickness of an insulator layer and the X-axis express [ a 
Y-axis ] the rate of a light reflex. Even if the saddle point of the rate of a light reflex exists [ the 
thickness of an insulator layer ] near 70nm and the effective refractive index of a liquid crystal 
layer changes from drawing 8 , high light transmittance is realized stably. 
[0009] Drawing 9 is as a result of [ of the light reflex property at the time of changing the 
thickness of ITO, and the thickness of an insulator layer in a liquid crystal device ] a simulation. 
The refractive index of ITO is 1.7 and other conditions are the same as the case of drawing 7 . 
Y-axes are [ the thickness of ITO and the X-axis of the thickness of an insulator layer and the 
Z-axis ] the rates of a light reflex. The saddle point of the rate of a light reflex exists from 
drawing 9 , it is expressed with linear expression Y=aX+b, and it turns out that 60+1 90n or a-0.6, 
and b of a-0.4 and b are 170+190n (n is an integer). That is, if the group of the ITO thickness 
which fills the relation of this linear expression about, and insulator layer thickness is chosen, 
light transmittance serves as max and is stable also to fluctuation of thickness. This conditional 
expression cannot be used if wavelength changes, since it is a time of the wavelength of incident 
light being 650nm. If it takes into consideration that there is a scaling in thin film thickness and 
wavelength as explanation of the light transmission property of the thin film of the conventional 
technique described, a previous linear expression will be set to Y=aX+bxlambda /650 (wavelength 
of the incident light lambda was described to be per nm), and will be generalized to operating 
wavelength. Of course, the thickness of the orientation film is also doubled lambda/650 in that 
case. 

[0010] In the previous simulation, it calculated from the thin film matrix method which is well- 
known technique (from 49 pages to for example, the Junpei work in a crossing, the optical 
introduction 2, Asakura Publishing, and 53 pages). This calculates the whole thin film matrix by 
the multiplication of each thin film matrix, when the matrix of 2x2 described from the refractive 
index n of a thin film, thickness d, and the operating wavelength lambda describes the optical 
transfer characteristics of a thin film and the laminating of the thin film is carried out, if it says 
simply. It is the technique of calculating the rate of a light reflex, or light transmittance from the 
result 
[0011] 

[Embodiment of the Invention] An example of the operation gestalt of this invention is shown in 
drawing 1 . The liquid crystal devices of this invention are the following configurations. That is, 
the glass substrate 101 ITO102 and whose orientation film 104 are the transparence substrates 
of the pair by which the laminating was carried out one by one comes to meet, and it has the 
liquid crystal layer 105 between the orientation film 104 concerned, and it is the configuration 
that the insulator layer 103 was formed between the orientation film 104 on one [ at least ] 
transparence substrate, and ITO102, and the liquid crystal device for modulating the phase of 
the homogeneous light or laser light as an application is considered as the fundamental 
configuration. By this invention, by 3000nm or more 8000nm or less, an effective refractive index 
[ especially as opposed to the incident light of a liquid crystal molecule ] changes in the or more 
1.4 1.8 or less range, and liquid crystal thickness the refractive index to incident light Said 
transparence substrate has the greatest description at the place which offers the liquid crystal 
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device characterized by for 1.75**0.1 and the orientation film being [ for 1.7**0.1 and an 
insulator layer ] 1.63**0.1 for 1.5**0.2 and ITO, and orientation thickness being 70**30nm. 
Furthermore, with the gestalt of this operation, optimization is attained in the conditions as 
follows in detail, namely, the glass substrate 101 — for 0.7mm in a refractive index 1.49 and 
thickness, and ITO102, as for 70nm in a refractive index 1.63 and thickness, and the liquid crystal 
layer 105, a refractive index 1.75, thickness Xnm, and the orientation film 104 is [ a refractive 
index 1.7, thickness Ynm, and an insulator layer 103 / the effective refractive index of the until / 
1.5 to 1.7 / adjustable and thickness ] 5000nm. The thickness Y of ITO102 and the thickness X 
of an insulator layer 103 fill the following relational expression here. Y=aX+bxlambda /650. a~0.4 
and b are the wavelength of the incident light 60+1 90n or a-0.6, and b were described by 
170+190n (n is an integer), and lambda was described to be per nm here. Furthermore, it is used 
for the optical pickup equipped with the laser light source, the objective lens, and the liquid 
crystal device for aberration amendment as an application using the liquid crystal device of the 
above-mentioned publication, offer of the liquid crystal device by which permeability was 
optimized by the optimum conditions of the proper of each configuration of said liquid crystal 
device is enabled, and it can become still more possible to satisfy the function as an optical 
pickup using this liquid crystal device. 

[0012] (Example) The example of this invention is shown in drawing 2 . a glass substrate 201 — 
0.7mm in a refractive index 1.49 and thickness, and [TO202 — 120nm in a refractive index 1.7 
and thickness, and an insulator layer 203 — 70nm in a refractive index 1.75 and thickness, and 
the orientation film 204 — as for 70nm in a refractive index 1.63 and thickness, and the liquid 
crystal layer 205, permeability is optimized [ the wavelength of incident light ] for the refractive 
index to 650nm to the until [ 1.5 to 1.7 ] adjustable by 5000nm, as for thickness. 
[0013] Drawing 3 is a light reflex property over light with a wavelength of 650nm in the liquid 
crystal device of drawing 2 , an axis of abscissa is the effective refractive index of liquid crystal, 
and an axis of ordinate is a rate of a light reflex. Even if the effective refractive index of liquid 
crystal changes from drawing 3 , fluctuation of a reflection factor is understood are pressed 
down to about 1% at the maximum. Therefore, if a nonreflective coat is given to the glass 
substrate of this liquid crystal device, 99% or more of permeability can be obtained theoretically. 
[0014] Drawing 4 shows other examples of this invention, a glass substrate 401 — 0.7mm in a 
refractive index 1.49 and thickness, and [TO402 — 74nm in a refractive index 1.7 and thickness, 
and an insulator layer 403 — 43nm in a refractive index 1.75 and thickness, and the orientation 
film 404 — as for 43nm in a refractive index 1.63 and thickness, and the liquid crystal layer 405, 
permeability is optimized [ the wavelength of incident light ] for the refractive index to 400nm to 
the until [ 1.5 to 1.7 ] adjustable by 5000nm, as for thickness. That is, the scaling mentioned 
above in the liquid crystal device of the structure of drawing 2 is performed, the refractive index 
of each film does not change but thickness has become 400/650 time. However, since a glass 
substrate is not a thin film, the scaling is meaningless. Moreover, although liquid crystal thickness 
originally needs a scaling, since thickness is decided as there being refractive-index fluctuation 
at the time of a drive from the optical conditions to be used, the object of a scaling has not 
carried out. 

[0015] Drawing 5 is other examples of this invention, and is applied to the pickup optical system 
of the optical disk equipped with the well-known liquid crystal aberration amendment device. 
Laser light 502 which carried out outgoing radiation from the laser light source 501 with a 
wavelength of 650nm is made into parallel light with a collimate lens 503, penetrates a liquid 
crystal device 504, and is condensed on an optical disk 506 with an objective lens 505. ITO of a 
liquid crystal device 504 is constituted by the division electrode, and can display the pattern of 
arbitration. When the substrate of an optical disk inclines, or thickness changes and light wave 
side aberration occurs, a liquid crystal device 504 is driven with the aberration amendment signal 
507, and aberration amendment is performed serially. Since the optical structure of a liquid 
crystal device 504 is the same as the component of drawing 2 , even if it drives with the 
aberration amendment signal 507, fluctuation of light transmittance is 1% or less, and the 
theoretical light transmittance at the time of giving a nonreflective coat to the glass substrate of 
a liquid crystal device 504 is 99% or more. 
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[0016] Drawing 10 is drawing showing the light reflex property of the liquid crystal optical 
element by this invention. 1.9 was used as a refractive index of [TO. Other conditions are the 
same as the liquid crystal optical element by this invention. Compared with drawing 8 in 
connection with this invention, a reflection factor reaches also to a maximum of 10%, and a 
saddle point with little reflection factor fluctuation in a liquid crystal drive cannot be seen clearly, 
either. 

[0017] Next, drawing 1 1 is drawing showing the light reflex property of the liquid crystal optical 
element by this invention. Thickness of ITO was set to 170nm. Other condition's are the same as 
the liquid crystal optical element by this invention. It compares drawing 3 and it turns out that 
the reflection factor is sharply changed [ which is concerned with this invention ] with 2% or 
more. Therefore, the above explanation shows that optimization of each components which 
constitute a liquid crystal device is important. 
[0018] 

[Effect of the Invention] If the liquid crystal device by this invention is used so that clearly from 
old explanation, light transmittance can be optimized to the homogeneous light of arbitration. 
That is, even when high light transmittance and liquid crystal are driven, fluctuation of light 
transmittance can be pressed down low. Moreover, even if it changes thickness somewhat in 
manufacture of a liquid crystal device, there is little permeability change. The efficiency for light 
utilization of optical system will become high, and this liquid crystal device will contribute also to 
low electrification of a device, if it is used as the aberration amendment component and light 
wave side controlling element of the optical system of pickup of an optical disk, a laser beam 
printer, etc. 

[0019] Moreover, although the liquid crystal device was optimized to specific wavelength in this 
invention, optimizing to two or more wavelength is also possible. In that case, the engine 
performance falls rather than optimization in monochrome. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] It is related with the optical pickup equipped with the liquid crystal device 
for aberration amendment, and it. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] In order to make an understanding of the conventional technique 
easy, the phase modulation of the light using the light transmission property of a well-known 
optical thin film, the optical structure of a liquid crystal device, and a liquid crystal device is 
explained briefly, it is further about a transparent thin film on transparent substrates, such as a 
glass substrate, first — it is — the optical thin film applied to the multilayer is considered. Since 
it consists of transparent ingredients at this time, regardless of wavelength, light transmittance is 
fixed and becomes about 100%. However, except for the case where the refractive index of all 
the thin films that contain a glass substrate in fact is the same, light transmittance is determined 
by the refractive index of a transparence substrate and each thin film, and the thickness of each 
thin film and the wavelength lambda of light by the cross protection of light That is, permeability 
changes with wavelength. Therefore, in specific conditions, the optical thin film which penetrates 
only specific wavelength can be realized, and it is well known as an interference filter. Moreover, 
a scaling exists in the thickness and wavelength of a thin film about permeability. That is, 
permeability is the same, if thickness of a thin film is also set to 1/n when wavelength drops to 
1/n. 

[0003] Next, the optical structure of a general liquid crystal device is explained. It is constituted 
as a main component in order of a glass substrate, ITO (transparence electric conduction film), 
an insulator layer, the orientation film, a liquid crystal layer, the orientation film, ITO, and a glass 
substrate. As for a glass substrate, the glass whose refractive index is about 1.5 is used, 
moreover, mass-production nature, constraint of an ingredient, etc. — ITO — a refractive index 
— 1.7 to about 2, and thickness — about 100 to 3000nm, and an insulator layer — a refractive 
index is used for about 1.7 and thickness, about 50 to 200nm is used for about 1.63 and 
thickness, and, as for about 50 to 300nm, and the orientation film, the refractive index has a 
diaphragm structure. Then, the phase modulation principle of the light using an parallel 
orientation mold or a perpendicular orientation mold liquid crystal device is explained. Drawing 6 
(a) and (b) express typically actuation of an parallel orientation mold liquid crystal device. The 
liquid crystal molecule 602 is inserted between the glass substrates 601 with which the 
transparence electric conduction film was applied like drawing 6 (a), and the thickness is d. As 
for the liquid crystal molecule 602, both glass substrates 601 arranged the direction of a major 
axis with Y shaft orientations for Y shaft orientations, and orientation shaft orientations are 
located in a line in parallel. In order to progress looking at the direction of a major axis of the 
liquid crystal molecule 602 if the linearly polarized light 603 of Y shaft orientations carries out 
incidence to this liquid crystal device, that optical path length is set to n1xd. n1 is the refractive 
index of the direction of a major axis of the liquid crystal molecule 602, and becomes an 
effective refractive index to the linearly polarized light 603 here. 

[0004] Next, if sufficiently high electric field are given to Z shaft orientations as shown in 
drawing 6 (b), the liquid crystal molecule 602 will arrange the major axis in the direction of 
electric field, and will be located in a line. In order to progress looking at the direction of a minor 
axis of the liquid crystal molecule 602 if the linearly polarized light 603 of Y shaft orientations 
carries out incidence to this liquid crystal device, that optical path length is set to n2xd. n2 is 
the refractive index of the direction of a minor axis of the liquid crystal molecule 602 here. 
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Therefore, before and after giving electric field, only in x(n1-n2) d, the optical path length 
changes, and the phase of the incidence linearly polarized light 603 changes and carries out 
outgoing radiation only of 2pi(n1-n2) x d/lambda (lambda is the wavelength of incident light). An 
intermediate state is also realizable by adjusting the electric field given to a liquid crystal 
molecule. Therefore, if a liquid crystal molecule is partially driven using the inclination electric 
field produced with the divided transparent electrode or a high resistance electrode, it is possible 
to give phase distribution to the incidence linearly polarized light 603. Moreover, although the 
basic actuation is the same also in the liquid crystal device by which perpendicular orientation 
was carried out, the time of the time of not giving electric field giving electric field in the state of 
drawing 6 (b) will be in the condition of drawing 6 (a). 

[0005] In recent years, in the optical disk of the high density of DVD etc., the liquid crystal 
device attracts attention as an aberration amendment component of optical system. This tends 
to insert a liquid crystal device into the laser light source and the optical path of the optical 
pickup equipped with the objective lens, and tends to amend the phase turbulence of the light by 
the comatic aberration which an optical disk substrate generates by the ** pure thing, and the 
spherical aberration generated in case a multilayer disk substrate is read, i.e., the turbulence of 
the wave front of light According to the amount of aberration generated at this time, refractive- 
index distribution is given to a liquid crystal device with the divided transparent electrode, and 
the wave front of laser light is amended. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EFFECT OF THE INVENTION 



[Effect of the Invention] If the liquid crystal device by this invention is used so that clearly from 
old explanation, light transmittance can be optimized to the homogeneous light of arbitration. 
That is, even when high light transmittance and liquid crystal are driven, fluctuation of light 
transmittance can be pressed down low. Moreover, even if it changes thickness somewhat in 
manufacture of a liquid crystal device, there is little permeability change. The efficiency for light 
utilization of optical system will become high, and this liquid crystal device will contribute also to 
low electrification of a device, if it is used as the aberration amendment component and light 
wave side controlling element of the optical system of pickup of an optical disk, a laser beam 
printer, etc. 

[0019] Moreover, although the liquid crystal device was optimized to specific wavelength in this 
invention, optimizing to two or more wavelength is also possible. In that case, the engine 
performance falls rather than optimization in monochrome. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, in the optical element for laser beam study 
systems to which laser power was restricted like an optical pickup, light transmittance is an 
important element In the case of the optical pickup using blue laser with a wavelength of about 
450nm which attracts attention especially recently, the luminous efficiency of blue laser falls 
compared with red laser with a conventional wavelength of about 650nm. Moreover, since laser 
light generates the light of specific sharp wavelength, it becomes important [ the light 
transmittance in the wavelength ]. The effective refractive index of a liquid crystal layer changes 
by driving a liquid crystal device further with a diaphragm structure on the other hand. Therefore, 
when using it by laser light or the homogeneous light, even if it drives liquid crystal so that the 
diaphragm structure of a liquid crystal device may be optimized to the wavelength to be used 
and permeability may serve as max and, it is desirable to make it fluctuation of light 
transmittance serve as min. However, the conventional liquid crystal device is not as a phase 
modulation component, and the subject has developed the display application which used the 
optical shutter effectiveness over the white light by using with a polarizing plate. Therefore, the 
optimization design of the diaphragm structure of a liquid crystal device was not carried out to 
laser optical system. Moreover, generally, although the parallel orientation mold liquid crystal 
which is a phase modulation mold was often used for general laser optical system, since laser 
light had very big power, it did not have to make light transmittance a problem and did not need 
to optimize the diaphragm structure of a liquid crystal device. 
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MEANS 



[Means for Solving the Problem] The simulation result of the light reflex property in the 
homogeneous light with a wavelength of 650nm at the time of changing the thickness and the 
refractive index of [TO to drawing 7 in a liquid crystal device is shown. As a liquid crystal device, 
it is constituted in order of a glass substrate, [TO, an insulator layer, the orientation film, a liquid 
crystal layer, the orientation film, [TO, and a glass substrate, the refractive index of a glass 
substrate — for the refractive index of 70nm and the orientation film, 1.63 and thickness are 
[ the refractive index of 1.49 and an insulator layer / 1.75 and thickness / 1.6 and the thickness 
of the effective refractive index of 70nm and a liquid crystal layer ] 5000nm. In a Y-axis, the 
thickness of [TO and the X-axis express the refractive index of [TO, and the Z-axis expresses 
the rate of a light reflex with drawing 7 . It is stable, even if the minimal value of the 1st 
reflection factor has the thickness of [TO near 110nm from drawing 7 and the refractive index of 
[TO changes. Moreover, a reflection factor falls, so that the refractive index of [TO is close to 
1.6, and the fluctuation to change of [TO thickness also becomes small. Therefore, although, as 
for light transmittance, the thickness of [TO is served as to 1 10nm and the refractive index 
serves as max and stability by 1.6 under this condition, the value which can be actually chosen 
as an [TO refractive index is 1.7. Moreover, it also turns out that the minimal value of the 2nd 
reflection factor has the thickness of ITO near 200nm from drawing 4 . 
[0008] In use of an actual liquid crystal device, the effective refractive index changes in 
operating a liquid crystal device. Drawing 8 is as a result of [ of the light reflex property at the 
time of changing the thickness of an insulator layer, and the effective refractive index of a liquid 
crystal layer ] a simulation. ITO thickness is 110nm, a refractive index is 1.7, and other 
conditions are the same as the case of drawing 7 . As for the effective refractive index of a 
liquid crystal layer, and the Z-axis, the thickness of an insulator layer and the X-axis express [ a 
Y-axis ] the rate of a light reflex. Even if the saddle point of the rate of a light reflex exists [ the 
thickness of an insulator layer ] near 70nm and the effective refractive index of a liquid crystal 
layer changes from drawing 8 , high light transmittance is realized stably. 
[0009] Drawing 9 is as a result of [ of the light reflex property at the time of changing the 
thickness of ITO, and the thickness of an insulator layer in a liquid crystal device ] a simulation. 
The refractive index of [TO is 1.7 and other conditions are the same as the case of drawing 7 . 
Y-axes are [ the thickness of ITO and the X-axis of the thickness of an insulator layer and the 
Z-axis ] the rates of a light reflex. The saddle point of the rate of a light reflex exists from 
drawing 9 , it is expressed with linear expression Y=aX+b, and it turns out that 60+1 90n or a-0.6, 
and b of a-0.4 and b are 170+190n (n is an integer). That is, if the group of the ITO thickness 
which fills the relation of this linear expression about, and insulator layer thickness is chosen, 
light transmittance serves as max and is stable also to fluctuation of thickness. This conditional 
expression cannot be used if wavelength changes, since it is a time of the wavelength of incident 
light being 650nm. If it takes into consideration that there is a scaling in thin film thickness and 
wavelength as explanation of the light transmission property of the thin film of the conventional 
technique described, a previous linear expression will be set to Y=aX+bxlambda /650 (wavelength 
of the incident light lambda was described to be per nm), and will be generalized to operating 
wavelength. Of course, the thickness of the orientation film is also doubled lambda/650 in that 
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case. 

[0010] In the previous simulation, it calculated from the thin film matrix method which is well- 
known technique (from 49 pages to for example, the Junpei work in a crossing, the optical 
introduction 2, Asakura Publishing, and 53 pages). This calculates the whole thin film matrix by 
the multiplication of each thin film matrix, when the matrix of 2x2 described from the refractive 
index n of a thin film, thickness d, and the operating wavelength lambda describes the optical 
transfer characteristics of a thin film and the laminating of the thin film is carried out, if it says 
simply. It is the technique of calculating the rate of a light reflex, or light transmittance from the 
result 
[0011] 

[Embodiment of the Invention] An example of the operation gestalt of this invention is shown in 
drawing 1 . The liquid crystal devices of this invention are the following configurations. That is, 
the glass substrate 101 ITO102 and whose orientation film 104 are the transparence substrates 
of the pair by which the laminating was carried out one by one comes to meet, and it has the 
liquid crystal layer 105 between the orientation film 104 concerned, and it is the configuration 
that the insulator layer 103 was formed between the orientation film 104 on one [ at least ] 
transparence substrate, and ITO102, and the liquid crystal device for modulating the phase of 
the homogeneous light or laser light as an application is considered as the fundamental 
configuration. By this invention, by 3000nm or more 8000nm or less, an effective refractive index 
[ especially as opposed to the incident light of a liquid crystal molecule ] changes in the or more 

1.4 1.8 or less range, and liquid crystal thickness the refractive index to incident light Said 
transparence substrate has the greatest description at the place which offers the liquid crystal 
device characterized by for 1.75**0.1 and the orientation film being [ for 1.7**0.1 and an 
insulator layer] 1.63**0.1 for 1.5**0.2 and ITO, and orientation thickness being 70**30nm. 
Furthermore, with the gestalt of this operation, optimization is attained in the conditions as 
follows in detail, namely, the glass substrate 101 — for 0.7mm in a refractive index 1.49 and 
thickness, and ITO102, as for 70nm in a refractive index 1.63 and thickness, and the liquid crystal 
layer 105, a refractive index 1.75, thickness Xnm, and the orientation film 104 is [ a refractive 
index 1.7, thickness Ynm, and an insulator layer 103 / the effective refractive index of the until / 

1.5 to 1.7 / adjustable and thickness ] 5000nm. The thickness Y of ITO102 and the thickness X 
of an insulator layer 103 fill the following relational expression here. Y=aX+bxlambda /650. a-0.4 
and b are the wavelength of the incident light 60+1 90n or a-0.6, and b were described by 
170+190n (n is an integer), and lambda was described to be per nm here. Furthermore, it is used 
for the optical pickup equipped with the laser light source, the objective lens, and the liquid 
crystal device for aberration amendment as an application using the liquid crystal device of the 
above-mentioned publication, offer of the liquid crystal device by which permeability was 
optimized by the optimum conditions of the proper of each configuration of said liquid crystal 
device is enabled, and it can become still more possible to satisfy the function as an optical 
pickup using this liquid crystal device. 

[0012] (Example) The example of this invention is shown in drawing 2 . a glass substrate 201 — 
0.7mm in a refractive index 1.49 and thickness, and ITO202 — 120nm in a refractive index 1.7 
and thickness, and an insulator layer 203 — 70nm in a refractive index 1.75 and thickness, and 
the orientation film 204 — as for 70nm in a refractive index 1.63 and thickness, and the liquid 
crystal layer 205, permeability is optimized [ the wavelength of incident light ] for the refractive 
index to 650nm to the until [ 1.5 to 1.7 ] adjustable by 5000nm, as for thickness. 
[0013] Drawing 3 is a light reflex property over light with a wavelength of 650nm in the liquid 
crystal device of drawing 2 , an axis of abscissa is the effective refractive index of liquid crystal, 
and an axis of ordinate is a rate of a light reflex. Even if the effective refractive index of liquid 
crystal changes from drawing 3 , fluctuation of a reflection factor is understood are pressed 
down to about 1% at the maximum. Therefore, if a nonreflective coat is given to the glass 
substrate of this liquid crystal device, 99% or more of permeability can be obtained theoretically. 
[0014] Drawing 4 shows other examples of this invention, a glass substrate 401 — 0.7mm in a 
refractive index 1.49 and thickness, and ITO402 — 74nm in a refractive index 1.7 and thickness, 
and an insulator layer 403 — 43nm in a refractive index 1.75 and thickness, and the orientation 
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film 404 — as for 43nm in a refractive index 1.63 and thickness, and the liquid crystal layer 405, 
permeability is optimized [ the wavelength of incident light ] for the refractive index to 400nm to 
the until [ 1.5 to 1.7 ] adjustable by 5000nm, as for thickness. That is, the scaling mentioned 
above in the liquid crystal device of the structure of drawing 2 is performed, the refractive index 
of each film does not change but thickness has become 400/650 time. However, since a glass 
substrate is not a thin film, the scaling is meaningless. Moreover, although liquid crystal thickness 
originally needs a scaling, since thickness is decided as there being refractive-index fluctuation 
at the time of a drive from the optical conditions to be used, the object of a scaling has not 
carried out. 

[0015] Drawing 5 is other examples of this invention, and is applied to the pickup optical system 
of the optical disk equipped with the well-known liquid crystal aberration amendment device. 
Laser light 502 which carried out outgoing radiation from the laser light source 501 with a 
wavelength of 650nm is made into parallel light with a collimate lens 503, penetrates a liquid 
crystal device 504, and is condensed on an optical disk 506 with an objective lens 505. [TO of a 
liquid crystal device 504 is constituted by the division electrode, and can display the pattern of 
arbitration. When the substrate of an optical disk inclines, or thickness changes and light wave 
side aberration occurs, a liquid crystal device 504 is driven with the aberration amendment signal 
507, and aberration amendment is performed serially. Since the optical structure of a liquid 
crystal device 504 is the same as the component of drawing 2 , even if it drives with the 
aberration amendment signal 507, fluctuation of light transmittance is 1% or less, and the 
theoretical light transmittance at the time of giving a nonreflective coat to the glass substrate of 
a liquid crystal device 504 is 99% or more. 

[0016] Drawing 10 is drawing showing the light reflex property of the liquid crystal optical 
element by this invention. 1.9 was used as a refractive index of [TO. Other conditions are the 
same as the liquid crystal optical element by this invention. Compared with drawing 8 in 
connection with this invention, a reflection factor reaches also to a maximum of 10%, and a 
saddle point with little reflection factor fluctuation in a liquid crystal drive cannot be seen clearly, 
either. 

[0017] Next, drawing 1 1 is drawing showing the light reflex property of the liquid crystal optical 
element by this invention. Thickness of [TO was set to 1 70nm. Other conditions are the same as 
the liquid crystal optical element by this invention. It compares drawing 3 and it turns out that 
the reflection factor is sharply changed [ which is concerned with this invention ] with 2% or 
more. Therefore, the above explanation shows that optimization of each components which 
constitute a liquid crystal device is important. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the example which showed the operation gestalt in this invention. 
[Drawing 2] It is an example in this invention. 

[Drawing 3] It is drawing showing the light reflex property of the liquid crystal device by this 
invention. 

[Drawing 4] They are other examples in this invention. 
[Drawing 5] They are other examples in this invention. 

[Drawing 6] It is the phase modulation principle Fig. of an parallel orientation mold liquid crystal 
device. 

[Drawing 7] It is drawing showing the light reflex property of a liquid crystal device. 
[Drawing 8] It is drawing showing the light reflex property of a liquid crystal device. 
[ Drawing 9 ] It is drawing showing the light reflex property of a liquid crystal device. 
[Drawing 10] It is drawing showing the light reflex property of a liquid crystal device. 
[Drawing 11] It is drawing showing the light reflex property of a liquid crystal device. 
[Description of Notations] 

101 Glass Substrate 

102 rro 

103 Insulator Layer 

104 Orientation Film 

105 Liquid Crystal Layer 

501 Laser Light Source 

502 Laser Light 

503 Collimate Lens 

504 Liquid Crystal Device 

505 Objective Lens 

506 Optical Disk 

507 Aberration Amendment Signal 

602 Liquid Crystal Molecule 

603 Linearly Polarized Light 
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